It has been reported that ionrganic ion exchangers are very useful for the separation of some radionuclides from nuclear fuel reprocessing waste, because of their high stability against radiation and resistance against acid. As compared to natural inorganic exchangers, synthetic exchangers like zirconium phosphate(1)(2) have in general a higher exchange capacity and better reproducibility. Among them, ferrocyanides have been used for the separation of rediocesium from fission product mixtures either by coprecipitation(3) or by adsorption on pre-formed salts(4)(5). It has been reported however that the granular form of the ferrocyanides is difficult to synthesize.
We have reported a series of studies showing that, when an insoluble metal salt, such as hydroxide or sulfide, is made to form in an ion exhange resin matrix, its adsorption properties are better than those of the salt alone(6)(7). We named the new type of resins "metal salt -ion exchange resins" .
The present note is on the synthesis of copper ferrocyanide-anion exchange resin and on the adsorption on this resin of radiocesium from water, hydrochloric acid 'solution, nitric acid solution and from sea water, as well as on the separation of the radionuclide by column operation.
EXPERIMENTAL Preparation of Copper Ferrocyanide-Anion Exchange Resin
The hydroxide form of Amberlite IRA-904 (a macro-reticular anion exchage resin), 50~100 mesh, was converted to ferrocyanide form in concentrated sodium ferrocyanide solution. After washing the resin, copper ferrocyanide was made to form in the resin by adding copper nitrate solution. The copper ferrocyanide-anion exchange resin thus formed was washed with water until the supernatant solution became neutral.
The preparation is very easy, and the resin can be stored either in water or in dried form.
Adsorption of 137Cs
Batch experiment: Half a gram each of the dried resin was shaken with 50 cc of water, hydrochloric acid, nitric acid or sea water, each containing carrier-free 137Cs.
Column experiment: A known volume of sea water was passd at various flow rates through a column (1.0 cm diameter) containing 3.0 g of the resin.
Activity Measurement
The gamma radioactivity from 137Cs plus 137mBa in solution was measured with a well-type scintillation counter.
RESULTS AND DISCUSSION
Copper ferrocyanide-anion exchange resin very quickly adsorbed more than 99% of the 137Cs from water and from hydrochloric acid below 4 N. The adsorption decreased slightly with time when the concentration of the acid was above 6 N. The adsorption of 137Cs was quantitative from nitric acid when the concentration of the acid was less than 1 N, but the adsorption decreased with increasing acid concentration: 85% from 2 N, 50% from 4 N, 25% from 6 N, 8% from 8 N, and negligible from 10N, after 1 hr agitation. This decrease of adsorption with increasing concentration may be related to the oxidation of ferrocyanide to ferrocyanide.
The chloride form of IRA-904 alone did not adsorb 137Cs at all.
The resin could also adsorb 137Cs from sea water. By batch method, more than 99% of the 137Cs was adsorbed on 0.5 g of the resin within 1 hr.
A preliminary experiment by column operation indicated the possibility of separating this radionuclide from a large * National Institute of Radiological Sciences , Anagawa-cho, Chiba-shi.
volume of sea water. For example, 137Cs in 3,000 cc of sea water was removed quantitatively with 3 g of the resin at a flow rate below 15 cc/min. 137Cs adsorbed on the resin could be easily eluted with nitric acid (>6N). The adsorption on the resin was specific for 137Cs
, and was entirely due to the ferrocyanide moiety of the resin.
The Cs from fission product mixtures and also for the concentration of this nuclide from a large volume of sea water.
Further details of the properties and appli cations of this type of resin will be reported elsewhere.
